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A simple, ultra sensitive and selective method for the spectrophotometric determination of Ir3+ in various
synthetic and environmental samples was reported. The analyte ions were collected on a membrane ﬁlter
in the form of their red complex with 5-(2-benzothiazolyl-azo)8-hydroxy-quinoline (BTAHQ), and the
absorption spectra of the colored membrane ﬁlters were acquired. Effects of pH value, sample volume,
and amount of BTAHQ were examined in order to optimize sensitivity. The interference by common other
ions was eliminated using appropriate masking agents. The absorbance is linearly related to the concen-
tration of Ir3+ in the ranges from 0.1 to 0.8 lg/L, and from 1.0 to 7.0 lg/L, respectively, the correlation
coefﬁcients (R2) being 0.9996 and 0.9994. The molar absorptivities were calculated to be 4.81  105
and 4.26  107 L mol1 cm1 at 563 nm, whereas Sandell sensitivity was found as 0.391 and
0.004 ng cm2, respectively. The novelty and advantages of the proposed method is the highly sensitivity
of the proposed method compared with all previously cited methods for iridium determination. Under
the optimal conditions, the detection limit is 0.03 lg/L. The recoveries in case of spiked samples are
between 98.7% and 101.5%, and the relative standard deviations range from 1.21% to 1.75%.
 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Spectrophotometry is the most common technique used for
metal determination using various chromogenic reagents [1–10],
owing to its simplicity and low cost. However, the spectrophoto-
metric determination of metals in ultra trace level in solution is
difﬁcult due to various factors, particularly their low concentra-
tions and matrix effects.
Iridium occurs as osmiridium alloy and one of the minor con-
stituents in most platinum metal deposits in North and South
America and the Urals. It is commonly used in various jewellery,
dental alloys, electrical equipments, corrosion-resistant chemical
wares, crucibles for high temperature reactions and extrusion dies
for high melting-point glasses. Therefore, highly selective, sensi-
tive, rapid and economical methods are needed for its trace and
ultra trace determination. Neutron activation analysis (NAA) [11],
atomic absorption spectrometer (AAS) [12], graphite furnace AAS
[13], individual catalytic [14], imprinted polymer-based [15],
sequential voltammetric [16] and ﬂow injection analysis [17]
may be used for the trace determination of iridium in complex
materials, however, these instruments are highly expensive, dayto day maintenance is high and not free from various types of
interferences [18–20]. A survey of the literature reveals that irid-
ium may be determined by zero order spectrophotometry using
phenanthrenequinone monoxime [21] (e = 2.3  104 L mol1 cm1)
perazine dimalonate [22] (e = 9.93  l03 L mol1 cm1), tetra-
hydrofurfuryl xanthate [23] (e = 5.02  l03 L mol1 cm1), 1-phe-
nyl-4,4-6-trimethyl-(1H,4H)-pyrimidine-2-thiol [24].
Several publications describe the determination of metals ions
with improved sensitivities using azo dyes and polymeric supports
[25–27], but these methods involves complicated procedures, use
of more reagents and time-consuming elution steps. There are
few papers [28,29] reported the direct trace determination of
heavy metals on membranes followed by metal complexation
without using complicated procedures and elution steps. Takah-
ashi et al. [28] used the complexation and membrane ﬁltration
method for Zn2+. The concentration of Zn2+ used was up to
65 lg/L with maximum sample volume of 100 mL. The method
resulted in improvement of sensitivity. But the sensitivity is still
insufﬁcient and the method lacks adequate selectivity and applica-
tion to real samples. Dolgin et al. [29] tested the application of
complexation reactions followed by pre-concentration of the prod-
ucts on various ﬁlters and also performed the complexation kinetic
investigation. The detection limit of Ni2+ obtained was 1.2 lg/L
using 1000 mL sample volume. However, they have not sufﬁciently
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ligands present in the sample solution. Therefore, the reported
method also suffers from poor selectivity and there is further pos-
sibility to enhance the sensitivity and detection limits.
In this work, we reported on the application of membrane ﬁltra-
tion procedure for the enrichment of Ir3+ as its 5-(2-benzothiazol-
yl-azo)8-hydroxy-quinoline BTAHQ complex in alloys, synthetic
and environmental samples. Large volume sample solution
(1000 mL) was used to improve the sensitivity. Quantiﬁcation
was achieved based on the measurement of absorbance at a
deﬁned wavelength. Some parameters such as pH, the amount of
BTAHQ, the sample volume, and effect of potentially interfering
ions were investigated in detail. Using appropriate masking agents,
most of the routine interfering ions did not interfere with the
determination so the method has good selectivity. The presented
method has been satisfactorily applied to the determination of
ultra trace amounts of Ir3+ in various synthetic standard alloys
and environmental samples.2. Experimental
2.1. Apparatus
A Perkin-Elmer Lambda 12 UV–vis spectrophotometer
equipped with the integrating sphere accessory was used for
absorbance measurements. The laboratory glassware was kept
overnight in a 6.0% nitric acid solution and rinsed with ultra-pure
water three times. Ultra-pure water was obtained from an
ultra-pure water puriﬁcation system (SARTORIUS arium 611DI,
Germany, 18.2 M). A Perkin Elmer atomic absorption spectrometer
model AAnalyst 300 was used for all GF-AAS measurements. An
Orion research model 601 A/digital ionalyzer pH meter was used
for checking the pH of solutions.
2.2. Reagents
All chemicals used were of analytical reagent grades. The solu-
tion of iridium chloride, 0.1550 g was dissolved in 100 mL of
6.0 mol L1 HC1 and then diluted it to 1000 mL in a standard ﬂask.
This solution was standardized by known methods [30,31] and
made 1000 lg/mL by appropriate dilution. A more dilute solution
of iridium can be prepared by diluting this solution with ultra-pure
water.
BTAHQwas synthesized according to the method described pre-
viously [32]. Stock solution of 2  103 mol L1 was prepared by
dissolving an appropriate weight of the pure reagent in least
amount of ethanol (10 mL) and then diluted to the mark in a
100 mL measuring ﬂask with ethanol. The solutions of pH 2.5–12
thiel buffer were prepared as described earlier [33]. Solutions of
alkali metal salts and various metal salts were used to study the
interference of anions and cations, respectively. NaF, sodium sul-
phide, thiourea and ethanolamine were purchased from Aladdin
(Shanghai, China, www.aladdinreagent.com). Cellulose acetate
membrane ﬁlters used in the present study were purchased from
Dalian Elite Analytical Instruments Co., Ltd. (Dalian, China, www.
elitehplc.com) with the pore size of 0.22 lm and 50 mm diameter.
2.3. Preparation of membrane for spectral measurements
In the experiment, the concentration ranges of Ir3+ were 0.1–
0.8 lg/L and 1.0–7.0 lg/L. The pH of 1000 mL of each sample solu-
tion was adjusted to 6.5 with 25 mL thiel buffer. Then 1.0 mL of
2  103 mol L1 of BTAHQ was added into each sample solution
under vigorous stirring. This started the formation of red-color
Ir-BTAHQ complex. After 5.0 min standing for completion ofcomplexation reaction, the Ir-BTAHQ complex was collected by ﬁl-
tering the complex with a cellulose acetate membrane ﬁlter. The
collection was performed very quickly by ﬁltration under suction
with an aspirator and almost all the complex was retained on the
membrane ﬁlter surface uniformly. Similarly the reagent blank
was also obtained. The membrane ﬁlters were air dried and the
absorbance spectra were measured. Fig. 1 is showing the big visual
color difference between 0.0 lg/L (reagent blank) and 10 lg/L of
Ir3+.
2.4. Iridium determination in alloys
0.10–0.05 g of alloy is dissolved in 10 mL of HCl + HNO3 (1:1)
mixture. The obtained solution is evaporated to wet salts and again
dissolved in 50 mL of HCl (3.0 mol L1). If the alloy dissolves
incompletely sintering of the new sample with NaOH + NaNO3
(1:3) oxidative mixture is carried out. The obtained alloy is dis-
solved in HCl of 3.0 mol L1 concentration. Then it is placed in
250 mL volumetric ﬂask and distilled water is added to the mark.
If necessary, the solution with iridium lower concentration is pre-
pared. The aliquot of concentrated solution is placed in 100 mL
ﬂask and HCl solution (1.0 M) is added to the mark. The samples
were ﬁltered through a 0.45 lm membrane ﬁlter. The pH of the
samples was adjusted to the optimum value and the proposed
procedure was applied for the determination of Ir3+.3. Results and discussion
3.1. Absorption spectra
Upon the addition of ethanolic solution of BTAHQ to an aqueous
solution containing Ir3+ and a buffer solution at pH 6.5, a marked
change in color from orange to red is observed. The change in
the color intensity is proportional to the increasing concentration
of Ir3+. Thus, the ‘naked-eye’ detection of Ir3+ was easily observable.
The absorption spectra of orange color BTAHQ and Ir-BTAHQ
red-colored complex on membrane ﬁlters were recorded in the
range of 360–600 nm as shown in the Fig. 2. One can observe
two traditionally spectral bands at 489 and 563 nm which is corre-
sponding to BTAHQ and Ir-BTAHQ complex. The band at 563 nm
related to the complex clearly increase with Ir3+ concentration
enabling quantitative determination. One can observed that the
color intensity is proportional to the concentration of Ir3+ in two
ranges, thus, the ‘naked-eye’ detection of iridium is possible. The
color development and the absorbance increase ﬁrstly regularly
up to certain limit, then the increase in absorbance and color inten-
sity is steady decrease with increasing Ir3+ concentration. So, the
calibration plots based on the absorbance at 563 nm were linear
in both concentration ranges.
3.2. Optimization of variables
A pH dependence was studied by applying the 1000 mL proce-
dure. The optimum buffer solution was investigated by examining
different types of buffer (acetate, borate, phosphate, thiel, and uni-
versal) solutions. Thiel buffer gave the best results. The effect of pH
on the Ir-BTAHQ complex was tested in the pH range 2.5–12 using
4.0 lg/L of Ir3+ solutions. The test results showed that the most
intense red color and maximum band height could be obtained
when pH of Ir3+ solutions was 6.5. Thus, pH 6.5 was selected in this
study using thiel buffer.
The inﬂuence of BTAHQ concentration on the determination of
4.0 lg/L of Ir3+ was investigated in the concentration range of
5  107 to 5  106 mol L1. The results showed that the absor-
bance height rose when concentration of BTAHQ changed from
Fig. 1. Photos of Ir-BTAHQ on membrane ﬁlters.
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Fig. 2. Absorption spectra for 4.0 lg/L Ir3+ complexed with 2  106 mol L1 BTAHQ
at the optimum conditions.
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declined when concentration of BTAHQ changed from 3  106 to
5  106 mol L1. The maximum absorbance was observed when
the concentration of BTAHQ was 2  106 mol L1. Therefore,
2  106 mol L1 BTAHQ was selected for further study because it
ensures a sufﬁcient reagent excess. The further excess of BTAHQ
will inevitably affect the direct measurement of absorbance of
the Ir-BTAHQ complex.
To obtain reliable and reproducible analytical results and high
absorbance, it is very important to get maximum absorbance of
Ir-BTAHQ complex in as large a volume of sample solutions as pos-
sible. So it is necessary to select a suitable sample volume in the
colorimetric solid phase extraction. Different volumes of puriﬁed
water at pH 6.5 were spiked with 4.0 lg/L of Ir3+ in the range of
100–1500 mL. Following the experimental procedure, the absor-
bances of Ir-PAN complex at different volumes were obtained.
The results showed that the maximum sample volume could beup to 1000 mL with the maximum absorbance. There was no
signiﬁcant increase of absorbance when increased volume from
1000 mL. The reason is probably the membrane ﬁlter surface area
can occupy up to certain amount of Ir-BTAHQ complex. Therefore,
1000 mL of sample solution was adopted.
3.3. Effect of diverse ions
Various salts and metals ions were added individually to a solu-
tion (1000 ml) containing 4.0 lg of iridium and the general proce-
dure were applied. The tolerance limit (error < ± 5.0%) is calculated.
Among the salts examined, most of them did not interfere at the
gram or milligram level [CH3COONa. 3H20,KNO3, NH4C1, NH4Br,
(NH4)2SO4, Thiourea, KI, Sodium potassium tartrate, K2CO3, KSCN,
Trisodium citrate, Sodium oxalate, Disodium-EDTA, Mn(II), Zn(II),
Zr(IV), AI(III), Ca(II), Mg(II), Ga(III), Ni(II), Te(IV), Se(VI), Pb(II),
Ti(VI), U(VI), Pd(II), Pt(II), Cr(lll), Cr(VI), Sn(II), V(V), Rh(III), Ru(III),
Os(VIII), and Sb(III)]. Among the metal ions studied, many did not
interfere even at the milligram level except, Fe(III), Cu(II) and Co(II)
but their relatively lower amounts could be tolerated after masking
Fe(III) with 2.0 mL of 5.0% NaF solution, Cu(II) with 0.5 g of thio-
urea and 0.1 g of Na2S2O3 and Co(II) with 500 lg of EDTA or all
the three could be masked with 500 lg of EDTA. Thus the method
developed above is fairly selective and sensitive and has been
applied to the determination of iridium in various synthetic
samples.
3.4. Analytical data
The calibration curve showed that the system obeys Beer’s law
in two concentration range of 0.1–0.8 and 1.0–7.0 lg/L of Ir3+ in the
measured samples. For more accurate results, Ringbom optimum
concentration ranges was found to be 0.2–0.75 and 1.75–
6.50 lg Ir3+ per L in the measured phase. The linear relationship
between absorbance and concentration of Ir3+ is signiﬁcant and is
the base of quantitative analysis of Ir3+. The linear equations were
A = 0.418 C + 0.087 and A = 0.161 C + 0.061, with correlation coefﬁ-
cient being 0.9996 and 0.9994 for 0.1–0.8 and 1–7.0 lg/L, respec-
tively. The molar absorptivities were calculated to be 4.26  107
and 4.81  105 L mol1 cm1 at 563 nm, whereas Sandell sensitiv-
ity was found as 0.004 and 0.391 ng cm2, respectively. The stan-
dard deviations of the absorbance measurements were calculated
from a series of 13 blank solutions. The limits of detection (K = 3)
Table 2
Determination of iridium in alloys.
Sample mass, g Ir content, % Sr
Tb2Ir3Al9 (50.70%)
0.0790 50.75 0.024
0.0630 50.63 0.016
0.0560 50.80 0.022
Ga2Ir3Al9 (60.13%)
0.0585 60.11 0.014
0.0880 60.24 0.019
0.0725 60.05 0.017
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to be 0.03 and 0.1 lg/L Ir3+ for the ﬁrst range, whereas for the sec-
ond range were 0.28 and 0.97 lg/L, respectively.
These parameters of the sensing membrane ﬁlter in the deter-
mination of iridium were evaluated by repeatedly exposing the
sensing membrane ﬁlter to a 4.0 lg/L iridium. The repeatability
was evaluated by performing seven determinations with the same
standard solution of Ir3+. The relative standard deviation (RSD) for
the response of one membrane towards a 4.0 lg/L of iridium
solution was 1.2% (n = 7). The reproducibility of the response of dif-
ferent membranes was also studied. Seven different membranes
were prepared from the same batch and they were evaluated by
performing the determination of 4.0 lg/L of iridium. The RSD for
the response of between membranes was 1.75%. The results show
that the reproducibility is satisfactory and the membrane could be
regenerated easily3.5. Life time and stability
The lifetime of membrane was determined by adding a buffer
solution (pH 6.5) to the ﬁlm. The absorbance was recorded at
wavelength of 563 nm over a period of about 10 h. No signiﬁcant
loss of the reagent and no drift in absorbance occur during this
time and the sensing phase was stable over the experiment with
no leaching of the reagent. It should be noted that at pH 6.5, BTAHQ
exists its neutral form (orange). Additionally the stability of
response of the ﬁlm was investigated over six weeks under water,
which indicated that the ﬁlm was stable over this period.3.6. Comparison of the developed methods with existing methods
Iridium can be determined spectrophotometrically at trace con-
centrations with a variety of reagents (Table 1) [21,22,35–41].
Some methods are time-consuming because reactions develop at
higher temperature [35,36,38] and are not selective in the presence
of rhodium(III), which is generally found to be associated with
iridium [22,35,38]. Compared with other spectrophotometric
methods, the present approach is considerably less complicated,
because the reaction takes place at room temperature. The pro-
posed method is therefore time saving. Its other advantage is that
iridium can be spectrophotometrically determined in the presence
of a 150-fold excess of rhodium(III), without previous separation.Table 1
Comparison of the proposed method for iridium determination with some of the methods
Reagent Medium T/C (t/
min)
1-Phenyl-4,4,6-trimethyl-(1H,4H)-pyrimidine-2-
thiolate
CHCl3 60 (5)
Piperazine dimalonate (PDM) H3PO4 No
heating
1,5-Diphenyl carbazide (DFC) CHCl3 100 (45
Difurfuryl thiocarbohydrazone (DCE) Ethyl acetate No
heating
Bis(thiopheno-2-aldehydo)–thiocarbohydrazone
(BTATCH)
Ethyl acetate 100 (30
2-Mercapto-4-methyl-5-phenylazopyrimidine
(MFAP)
CHCl3 No
heating
3-Hydroxy-2-methyl-1-phenyl-4-pyridone (HX) CHCl3 No
heating
3-Nitroso-4-Hydroxy-5, 6-Benzocoumarin 50% aqueous
acetone
No
heating
o-Methylphenyl thiourea HCl No
heating
BTAHQ pH 6.5 No
heating
BTAHQ pH 6.5 No
heatingThe sensitivity of the proposed method regarding to the molar
absorptivity is higher than all of the compared methods.
3.7. Analytical applications
As no real samples were available to test the validity of the pro-
posed method four synthetic mixtures with compositions corre-
sponding to those of real samples were prepared. The results
obtained were highly consistent with the amounts added, regard-
less of the reagent used in the organic phase.
Aiming to demonstrate the usefulness of the proposed system a
set of samples comprising alloy and synthetic samples was ana-
lyzed. The system was run using the optimized parameters. The
results for alloy samples are shown in Table 2. Accuracy was
assessed by comparing results with these obtained using graphite
furnace inductive coupled atomic absorption spectrometry (GF-
AAS) indicating that there is no signiﬁcant difference between
them through calculated RSD%.
The performance of the proposed method was assessed by cal-
culation of the t-value (for accuracy) and F-test (for precision) com-
pared with GFAAS method. The mean values were obtained in a
Student’s t- and F-tests at 95% conﬁdence limits for ﬁve degrees
of freedom [42]. The results did not exceed the theoretical values.
A wider range of determination, higher accuracy, more stability
and less time consuming, shows the advantage of the proposed
method over other method.
4. Conclusions
The proposed method offers a good sensitivity and selectivity for
the determination of Ir3+ in two ranges of 0.1–08 and 1.0–7.0 lg/L inreported in literature.
e,
L mol1 cm1
Linear range
lg L1
Tolerance limits c(Rh3+)/
c(Irn+)
Refs.
3.38  103 3.8–42.0 (IrIII) 40 [21]
9.93  10-3 0.0–24.0 (IrIV) 10 [22]
) 1.06  104 0.53–3.00 (IrIV) <1 [35]
4.15  104 0.93–3.73 (IrIII) _ [36]
) 3.2  104 1.2–4.2 (IrIII) <1 [37]
9.5  103 0.6–9.0 (IrIII) Not available [38]
5.32  103 1.9–38.4 (IrIV) 25 [39]
1.28  104 0.0–105 – [40]
0.664  103 Up to 300 100 [41]
4.81  105 0.1–0.8 100 Proposed
4.26  107 1.0–7.0 150 Proposed
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0.9994, respectively. The molar absorptivities were calculated to
be 4.81  105 and 4.26  107 L mol1 cm1 at 563 nm, whereas
Sandell sensitivity was found as 0.391 and 0.004 ng cm2, respec-
tively. The novelty and advantages of the proposed method is the
highly sensitivity of the proposed method compared with all previ-
ously cited methods for iridium determination. Under the optimal
conditions, the detection limit of Ir3+ obtained was 0.03 lg/L. The
recovery for synthetic samples was between 987% and 101.5%,
and the relative standard deviation (RSD) was from 1.21% to
1.75%. Low detection limit and relatively high tolerance to interfer-
ences from the matrix allow application of the proposed method
for Ir3+ determination in a large range of samples. The low detec-
tion limit, good RSD and high recovery showed that the proposed
method is promising for the determination of trace amounts of
Ir3+ in real water samples.
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